METHODS FOR DETECTING AND DIFFERENTIATING 
ENTEROVIRUSES AND THE PRIMERS AND PROBES 

THEREFOR 

Background of the Invention 

Enteroviruses belong to the family Picomaviridae that represents a very 
large RNA-virus family with respect to the number of members but one of 
the smallest in terms of virion size and complexity. The virion of an 
enterovirus consists of a capsid of 60 subunits. Each subunit consisting of the 
four proteins (VP1-VP4) arranged with icosahedral symmetry around a 
genome made up of a single strand of positive-sense RNA. Enteroviruses are 
transient inhabitants of the human alimentary tract and may be isolated from 
the lower intestine or the throat. Enteroviruses of human origin include 
polioviruses (serotypes 1 to 3), coxsackieviruses of groups A (CAV, 
serotypes 1 to 22 and 24) and B (CBV, serotypes 1 to 6), echoviruses 
(serotypes 1 to 9, 1 1 to 27 and 29 to 33) and enteroviruses (serotypes 68-71). 
Enteroviral infections in humans may result in a wide range of acute 
symptoms involving neurological, skin and mucosa, cardiac and muscular, 
ocular, respiratory and gastrointestinal conditions, as well as undifferentiated 
febrile illness, generalized diseases of infants and diabetes mellitus. Among 
the nonpolio enteroviruses, some unsubclassified serotypes have been 
particularly prevalent in some countries and areas during summer and early 
fall, e.g., enteroviruses 70 and 71. Enterovirus 71 has been isolated from 
patients with meningitis, encephalitis and paralysis resembling poliomyelitis. 
It continues to be one of the main causes of central nervous system diseases, 
sometimes fetal, around the world. Furthermore, the virus has caused 
outbreaks of human hand- foot-and-mouth disease in some areas, e.g., Japan, 
Sweden and Taiwan. 

Common diagnoses of enteroviruses usually include recovery of the 
virus and serological tests. The recovery of the virus may includes isolation 
of the viruses from throat washings, throat swabs, stools, rectal swabs and 



sometimes cerebrospinal fluid (in aseptic meningitis cases). The isolated 
viral specimens are inoculated into tissue cultures or suckling mice (the latter 
is specific for coxsackieviruses) for propagation and identification. It takes 
one to two weeks to complete a run of viral recovery. In addition, 
intervention has to be made by qualified technicians. 

Serologic tests are generally conducted by means of neutralization 
assays detecting the neutralizing antibodies specific to the infecting virus 
when they exist. For some echoviruses, hemagglutination-inhibition assays 
might show type-specific infections. Serum antibodies can also be detected 
or titrated by the immunofluorescence technique using infected cell cultures 
on coverslips as antigens. However, serologic tests are difficult to evaluate 
because of the multiplicity of serotypes, unless the antigen used has been 
isolated from a specific human or during an epidemic outbreak of typical 
clinic illness. In all of the serologic assays, skilled artisans are required to 
judge the cut-off values from the readouts. Also, a period of time and 
specialized techniques are usually required to prepare such an antigen used in 
those assays to reduce the incidence of heterotypic reactions or 
cross-reactions. 

Neither the recovery of the virus nor the serologic tests provides a rapid 
diagnostic tool. Nevertheless, the acute syndromes associated with 
enteroviruses may progress fast, and in some cases may even become fatal in 
a couple of days. There is therefore a need for a method to rapidly detect 
enteroviruses with ease in practice. 

Summary of the Invention 

The present invention relates to novel pairs of oligonucleotide primers 
for use in detecting the presence or absence of an enterovirus in a sample. 
Each pair of primers according to the present invention consists of a first 
primer and a second primer, which are useful in rapidly diagnosing the 
diseases or conditions associated with enteroviruses by nucleic acid 
amplification assays, such as polymerase chain reactions. 

It is surprisingly found in the present invention that some nucleotide 



sequences correspond to the conserved portions in the nucleic acids of the 
enteroviruses. Therefore, the present invention further provides synthetic 
nucleotide sequences capable of specifically hybridizing to a sense strand of 
an enterovirus nucleic acid or a nucleic acid corresponding to the sense 
strand, such as the product of an amplification reaction with the sense strand 
as the template. 

In another aspect, the present invention relates to a method of detecting 
the presence or absence of an enterovirus nucleic acid in a sample. The 

method according to the present invention comprises (a) contacting the 

..,< 

sample with a pair of oligonucleotide primers according to the present 
invention in an amplification process; and (b) determining the presence or 
absence of an enterovirus by detecting the presence or absence of 
amplification products. 

Preferably, in the method according to the present invention, the sample 
may be simultaneously contacted with a second pair of oligonucleotide 
primers according to the present invention in an amplification process in 
addition to the first pair of primers. The primers in the second pair are not the 
same as the primers in first pair. The primers in the second pair may have 
either the first or the second primer different from the corresponding primer 
in the first pair. Preferably, both primers in the second pair are different from 
the ones in the first pair. Furthermore, the sample may be simultaneously 
contacted with a third pair of the oligonucleotide primers according to the 
present invention in an amplification process, in addition to the first and 
second pairs of primers. In a similar manner, the third pair of primers is 
neither the same as the first pair of primers nor the second pair of primers. 

In an alternative manner, the method according to the present invention 
may further comprise contacting the products of step (a) with a second pair of 
the oligonucleotide primers according to the present invention in an 
amplification process. The second pair of primers is chosen so as to be 
capable of being used to amplify a sequence in an amplification process that 
is equal to or within the sequence obtainable in the amplification process 



using the first pair of primers. 

In another alternative of the method according to present invention, the 
amplification products detected in step (b) are further subjected to a specific 
hybridization with at least one synthetic nucleotide sequence according to the 
present invention. 

In yet another aspect, the present invention relates to a method of 
detecting and differentiating enterovirus type 71 in a sample. The method 
comprises (a) contacting the sample with at least one pair of oligonucleotide 
primers according to the present invention in an amplification process; (b) 
determining the presence or absence of enterovirus type 71 by detecting for 
the presence or absence of amplification products; and (c) subjecting the 
amplification products detected to a specific hybridization with at least one 
synthetic nucleotide sequence comprising the sequence of SEQ ID NO: 12 or 
SEQ ID NO: 13. Preferably, the amplification products detected are 
subjected to a specific hybridization with the synthetic nucleotide sequences 
comprising the sequences of SEQ ID NO: 12 and SEQ ID NO: 13. 

In yet another aspect, the present invention relates to a method of 
detecting and differentiating coxsackievirus A16 in a sample. The method 
comprises contacting the sample with a pair of oligonucleotide primers 
according to the present invention in an amplification process; determining 
the presence or absence of coxsackievirus A16 by detecting the presence or 
absence of amplification products; and subjecting the amplification products 
detected to a specific hybridization with at least one synthetic nucleotide 
sequence comprising the sequence of SEQ ID NO: 14 or SEQ ID NO; 15. 
Preferably, the amplification products detected are subjected to a specific 
hybridization with the synthetic nucleotide sequences comprising the 
sequences of SEQ ID NO: 14 and SEQ ID NO: 15. 

In yet another aspect, the present invention relates to a method of 
detecting and differentiating enterovirus type 71 and/or coxsackievirus A16 
in a sample. The method comprises contacting the sample with a pair of 
oligonucleotide primers according to the present invention in an 



amplification process; determining the presence or absence of enterovirus 
type 71 and/or coxsackievirus A16 by detecting the presence or absence of 
amplification products; and subjecting the amplification products detected to 
a specific hybridization with at least a first synthetic nucleotide sequence 
comprising the sequence of SEQ ID NO: 12 or SEQ ID NO: 13, and with at 
least a second synthetic nucleotide sequence comprising the sequence of 
SEQ ID NO: 14 or SEQ ID NO: 15. Preferably, the amplification products 
detected are subjected to a specific hybridization with the synthetic 
nucleotide sequences comprising the sequences of SEQ ID NO: 12, SEQ ID 
NO: 13, SEQ ID NO: 14 and SEQ ID NO: 15. 

In yet another aspect, the present invention provides a kit for detecting 
an enterovirus in a sample, which comprises at least one pair of 
oligonucleotide primers according to the present invention. Preferably, the 
kit according to the present invention comprises more than one pair of 
primers according to the present invention. In an alternative of the present 
invention, the kit may further comprise at least one synthetic nucleotide 
sequence according to the present invention. 

In yet another aspect, the present invention provides a kit for detecting 
and differentiating enterovirus type 71 in a sample, which comprises at least 
one pair of oligonucleotide primers according to the present invention and at 
least one synthetic nucleotide sequence comprising the sequence of SEQ ID 
NO: 12 or SEQ ID NO: 13. Preferably, the kit according to the present 
invention comprises more than one pair of primers according to the present 
invention. In a preferred embodiment of this invention, the kit comprises the 
synthetic nucleotide sequences comprising the sequences of SEQ ID NO: 12 
and SEQ ID NO: 13. 

In yet another aspect, the present invention provides a kit for detecting 
and differentiating coxsackievirus A16 in a sample, which comprises at least 
one pair of oligonucleotide primers according to the present invention and at 
least one synthetic nucleotide sequence comprising the sequence of SEQ ID 
NO: 14 or SEQ ID NO: 15. Preferably, the kit according to the present 



invention comprises more than one pair of primers according to the present 
invention. In a preferred embodiment of this invention, the kit comprises the 
synthetic nucleotide sequences comprising the sequences of SEQ ID NO: 14 
and SEQ ID NO: 15. 

In yet another aspect, the present invention provides a kit for detecting 
and differentiating enterovirus type 71 and/or coxsackievirus A16 in a 
sample, which comprises at least one pair of oligonucleotide primers 
according to the present invention; and at least a first synthetic nucleotide 
sequence comprising the sequence of SEQ ID NO: 12 or SEQ ID NO: 13 and 
at least a second synthetic nucleotide sequence comprising the sequence of 
SEQ ID NO: 14 or SEQ ID NO: 15. Preferably, the kit according to the 
present invention comprises more than one pair of primers according to the 
present invention. In a preferred embodiment of this invention, the kit 
comprises the synthetic nucleotide sequences comprising the sequences of 
SEQ ID NOs: 12-15. 

Brief Description of the Figure 

Figure 1 is a schematic representation showing a portion of cDNA 
sequence corresponding to the genome of enterovirus type 71, where the 
cDNA sequence with the Accession No. U22521 was obtained from the 
database GenBank. The sequences in the boxes correspond to the primers 
and probes of the present invention that are identified with their codes 
designated by the inventors. 

Detailed Description of the Preferred Embodiments 

The term "specifically hybridizing" or "specific hybridization" means 
complementary hybridization between an oligonucleotide and a target 
sequence. The term "specific" or "specifically" refers to the specificity 
shown by the complementary hybridization, which allows for minor 
mismatches between the oligonucleotide and the sequence that may not 
jeopardize the annealing for detection of hybridization signals. 

The term "sample" means a sample comprising any biological material 



containing nucleic acids. Preferably the term "sample" refers to a biological 
sample including whole blood, serum, urine, saliva, cerebrospinal fluid, 
semen, tears, throat swab, rectal swab, feces and the like. 

The term "amplification process" means an assay or method for 
amplifying a nucleic acid sequence. For instance, the "amplification 
process" includes a polymerase chain reaction (PCR) assay, a ligase chain 
reaction (LCR) assay, QB-replicase amplification, in vitro transcription, in 
vitro retro-transcription and self-sustained sequence replication. 

The term "highly stringent conditions" means the conditions of 
hybridization that are chosen to be about 5°C lower than the thermal melting 
point (T m ) for the specific sequence at a defined ionic strength and pH. The 
thermal melting point is the temperature (under the defined ionic strength 
and pH) at which 50% of the target sequence hybridizes to a perfectly 
matched probe. Typically, highly stringent conditions will be those in which 
the salt concentration is about 0.2 molar at pH 7 and the temperature is at 
least above 60 °C. 

The codes for bases as used herein cover those representing naturally 
occurring purines and pyrimidines found in native DNA molecules (i.e., A, G, 
T and C), as well as those for mixed bases as usually recognized by persons 
skilled in the art for syntheses of oligonucleotides (such as R, Y, S, H). With 
respect to the codes used in the present specification, A (or a) represents 
adenine, G (or g) represents guanine, T (or t) represents thymine, C (or c) 
represents cytosine, R (or r) represents either adenine or guanine, Y (or y) 
represents either cytosine or thymine, S (or s) represents either guanine or 
cytosine, and H (or h) represents any of adenine, thymine and cytosine. 

The present invention is useful for the detection of nucleic acids derived 
from enteroviruses. The present invention provides a rapid and sensitive 
method to detect the presence or absence of the nucleic acids derived from 
enteroviruses. In a preferred embodiment of the present invention, the 
method according to the present invention is an assay on the basis of 
polymerase chain reactions (PCR). In another aspect, the present invention 



provides very specific pairs of PCR primers that can be used to detect and/or 
identify particular serotypes of enteroviruses, such as enterovirus type 71 and 
coxsackievirus A 16. In yet another aspect, the present invention provides 
specific nucleotide sequences, which are capable of specifically hybridizing 
with the nucleic acid fragments obtainable from the amplification process 
using the pairs of primers according to the present invention. 

A number of amplification processes may be used, but a PCR-based 
process is preferred. The PCR process is well known in the art and is thus 
only briefly described herein. For a review of PCR methods and protocols, 
see, e.g., U.S. Patent Nos. 4,683,195 and 4,683,202; 4,965,188; and Innis, et 
aL, eds. PCR Protocols. "A Guide to Methods and Application" (Academic 
Press, Inc., San Diego, CA. 1990). PCR reagents and protocols are also 
commercially available. 

Because enteroviruses are RNA viruses, the first step in the 
amplification is the synthesis of a DNA copy (cDNA) of the region to be 
amplified. Reverse transcription can be carried out as a separate step, or in a 
homogeneous reverse transcription-polymerase chain reaction (RT-PCR), a 
modification of the polymerase chain reaction for amplifying RNA. Methods 
suitable for PCR amplification of enterovirus nucleic acids are described in 
Romero and Rotbart in "Diagnostic Molecular Biology: Principles and 
Applications" pp.40 1-406, Persing et aL eds., (Mayo Foundation, Rochester, 
MN 1993); Rotbart et al. U.S. Patent No. 5,075,212 and Egger et aL, J. Clin. 
Microbiol. 33:1442-1447 (1995)). 

The present invention provides novel pairs of oligonucleotide primers 
for use in detecting the presence or absence of enterovirus in a sample. Each 
pair of primers according to the present invention consists of a first primer 
and a second primer which are useful in diagnosing rapidly the diseases or 
conditions associated with enteroviruses by nucleic acid amplification assays, 
such as polymerase chain reactions. The primers according to the present 
invention target the sense or antisense strands of nucleotide sequences that 
correspond to particular conserved regions. Particular combinations of a 



primer pair or groups of primer pairs yield a matrix of amplification products 
that is used to detect enteroviruses present in a sample. In the preferred 
combinations of the present invention, the first primer comprises a sequence 
selected from the group consisting of 



fl 


: TTGTRCGCCTGTTTTA 


(SEQ ID NO: 1), 


ff2: 


CAAGCACTTCTGTHHCCCCGG 


(SEQ ID NO: 2), 


f3: 


TACTTCGAGAARCCYAGTA 


(SEQ ID NO: 3), 


f5: 


AAGAGYCTATTGAGCTA 


(SEQ ID NO: 4) and 


f7: 


GGI TGG TRS TGG AAR TTI CC 


(SEQ ID NO: 5). 



The second primer comprises a sequence selected from the group 
consisting of 

rl : CAC YGGATGGCCAATCCAA (SEQ ID NO: 6), 

r2: ATTGTCACCATAAGCAGCCA (SEQ ID NO: 7), and 
r4: AR RTT IAT CCA YTG RTG IGG (SEQ ID NO: 8). 

The sequences of the primers of the present invention correspond to the 
known enteroviral cDNA sequences in the boxes as shown in Figure 1 . 
When designing the primers, base modifications were made to the 
corresponding viral cDNA sequences so as to enhance the efficiency of 
primer annealing and broaden the spectrum of sequence diversity that the 
primers can be employed to detect. 

The primers comprising the sequences of SEQ ID NOs: 5 and 8 
according to the present invention correspond to the coding regions of the 
enteroviral genome. The primers corresponding to the coding regions of the 
enteroviral genome are intended to cover those primers comprising the 
degenerate sequences in relation to the sequences of SEQ ID NOs: 5 and 8. 
The sequences of SEQ ID NOs: 5 and 8 above are schematically depicted in 
relevant triplets according to the codons to which the sequences correspond. 

In the present invention, a more preferred combination comprises one or 
more of the following primer pairs: 



fl(SEQ ID NO: l)/rl(SEQ ID NO: 6); 
£3(SEQ ID NO: 3)/rl(SEQ ID NO: 6); 
fl(SEQ ID NO: l)/r2(SEQ ID NO: 7); 
0(SEQ ID NO: 3)/r2(SEQ ID NO: 7); 
f7(SEQ ID NO: 5)/r2(SEQ ID NO: 7). 



f2(SEQ ID NO: 2)/rl(SEQ ID NO: 6); 
f5(SEQ ID NO: 4)/rl(SEQ ID NO: 6); 
f2(SEQ ID NO: 2)/r2(SEQ ID NO: 7); 
f5(SEQ ID NO: 4)/r2(SEQ ID NO: 7); and 



In a preferred aspect of the present invention, the pair of primers f7(SEQ 
ID NO: 5)/r4(SEQ ID NO: 8) are particularly suited to the detection of 
enterovirus type 71 (EV71) and coxasackievirus A 16 (Cox A 16) in an 
amplification process. v 

In view of Figure 1, persons skilled in the art can understand the way to 
choose at least a pair of primers of the present invention that are suitable for 
detecting and/or amplifying a desired fragment(s) in the enteroviral genome, 
and accordingly determine the pair(s) of primers with ease. As shown in 
Figure 1, the second primer should comprise the sequence of SEQ ID NO: 8 
or a degenerate sequence thereof when the first primer comprises the 
sequence of SEQ ID NO: 5 or a degenerate sequence thereof 

To amplify a target nucleic acid sequence in a sample by PCR, the 
sequence must be accessible to the components of the amplification system. 
In general, this accessibility is ensured by isolating the nucleic acids from the 
sample. A variety of techniques for extracting nucleic acids, in particular 
ribonucleic acids, from biological samples are known in the art. Alternatively, 
if the sample is fairly readily disruptable, the nucleic acid need not be 
purified prior to amplification by the PCR technique, i.e., if the sample is 
comprised of cells, particularly peripheral blood lymphocytes or monocytes, 
lysis and dispersion of the intracellular components may be accomplished 
merely by suspending the cells in a hypotonic buffer. 

The first step of each cycle of the PCR involves the separation of the 
nucleic acid duplex formed by the primer extension. Once the strands are 
separated, the next step in PCR involves hybridizing the separated strands 
with primers that flank the target sequence. The primers are then extended to 
form complementary copies of the target strands. For successful PCR 



amplification, the primers are designed so that the position at which each 
primer hybridizes along a duplex sequence is such that an extension product 
synthesized from one primer, when separated from the template 
(complement), serves as a template for the extension of the other primer. The 
cycle of denaturation, hybridization, and extension is repeated as many times 
as necessary to obtain the desired amount of amplified nucleic acid. 

In the preferred embodiment of the PCR process, strand separation is 
achieved by heating the reaction to a sufficiently high temperature for a 
sufficient time to cause the denaturation of the duplex but not to cause an 
irreversible denaturation of the polymerase (see U.S. Patent No. 4,965,188). 
Template-dependent extension of primers in PCR is catalyzed by a 
polymerizing agent in the presence of adequate amounts of four 
deoxyribonucleoside triphosphates (typically dATP, dGTP, dCTP, and dTTP) 
in a reaction medium comprised of the appropriate salts, metal cations, and 
pH buffering system. Suitable polymerizing agents are enzymes known to 
catalyze template-dependent DNA synthesis. In the present invention, the 
initial template for primer extension is typically RNA. Reverse transcriptases 
(RTs) suitable for synthesizing a cDNA from the RNA template are well 
known. 

PCR is most usually carried out as an automated process with a 
thermostable enzyme. In this process, the temperature of the reaction mixture 
is cycled through a denaturing region, a primer annealing region and an 
extension reaction region automatically. 

As described above, a preferred embodiment of the invention 
incorporates RT-PCR amplification. A person skilled in the art will 
recognize, however, that amplification of target sequences in a sample may 
be accomplished by any known method, such as ligase chain reaction (LCR), 
QB-replicase amplification, in vitro transcription, and self-sustained 
sequence replication, each of which provides sufficient amplification. 

The size of the amplified fragments (the "amplification products' 1 ) 
produced by the methods of the present invention is typically sufficient to 



determine the presence or absence of enteroviruses. Thus, in some 
embodiments of the invention, size fractionation (e.g., gel electrophoresis) of 
the amplified fragments produced in a given sample can be used to determine 
the presence or absence of enteroviruses in the sample. This is typically 
carried out by amplifying a control containing known nucleic acids with the 
same primers used to amplify the samples of interest. After running the 
amplified sequences in an agarose gel and labeling with ethidium bromide 
according to conventionally known techniques (see, Sambrook et ah), the 
pattern of bands in the sample and control are compared. The presence of 
different or additional bands in the sample as compared to the control group 
is an indication of the presence of enteroviruses. 

To ascertain the accuracy of results of PCR amplifications, more than 
one pair of primers can be employed in an amplification process. In the 
method according to the present invention, pairs of primers that are different 
with respect to each other may be employed simultaneously or sequentially. 
In the case where more than one pair of primers according to the present 
invention is employed simultaneously in an amplification process, a pair of 
primers may differ from another pair of primers in either the first primer or 
the second primer, or both of the first and second primers. In another case, if 
two pairs of primers according to the present invention are employed 
sequentially in an amplification process, the second pair of primers is 
capable of being used to amplify a sequence equal to or within the sequence 
that is supposedly obtainable in the amplification process using the first pair 
of primers. According to Figure 1, a practitioner can carry out the methods 
of the present invention by determining with ease more than one pair of 
primers that is to be employed simultaneously or sequentially. 

Alternatively, the amplification products of the present invention can be 
detected using oligonucleotide probes specific to the target nucleic acids. 
The probes are usually selected from the regions of the genome of the 
enterovirus that are specific to one or the other. 

Sequence-specific probe hybridization is a well-known method of 



detecting desired nucleic acids in a sample. Under sufficiently stringent 
hybridization conditions, the probes hybridize specifically only to 
substantially complementary sequences. The stringency of the hybridization 
conditions can be relaxed to tolerate varying amounts of sequence mismatch. 
5 Detection of the amplified product utilizes this sequence-specific 

hybridization to insure detection of only the correct amplified target, thereby 
decreasing the chance of a false positive caused by the presence of 
homologous sequences from related organisms or other contaminating 
sequences. 

10 It is surprisingly found in the present invention that certain nucleotide 

sequences correspond to the conserved portions in the nucleic acids of the 
enteroviruses. Therefore, the present invention further provides the synthetic 
nucleotide sequences capable of specifically hybridizing to a sense strand of 
an enterovirus nucleic acid or a nucleic acid corresponding to the sense 

15 strand (such as the product of an amplification reaction using the sense strand 

as the template). Those synthetic nucleotide sequences are useful as probes 

in hybridization assays for enteroviruses. Preferably, the synthetic 

nucleotide sequences selected from the group consisting of 

pi: TCCTCCGGCCCCTGAATGCGGCTAATC (SEQ ID NO: 9), 

p2 : TGTCGTAACGSGC AASTC YGYRGCGGAACCGAC (SEQ ID NO : 1 0), 

p3: TACTTTGGGTGTCCGTGTTTCHTTTTAT (SEQ ID NO: 1 1 ), 

71-2: C TTA TAA GCA GAC TGA ACC CGG TGC TGA TG (SEQ ID NO: 12), 

71-3: TGG CAT TCC AAT ATC ACA ATT AAC AGT G (SEQ ID NO: 13), 

16-1: CTC GGC ACT ATC GCA GGA GGG ACC GGG AAT (SEQ ID NO: 14) and 

16-2: C CTA CGC CAC TAC ACA GCC TGG TCA GGT TG (SEQ ID NO: 1 5), 

The synthetic nucleotide sequences of the present invention correspond 
20 to the known enteroviral cDNA sequences in the boxes as shown in Figure 1 . 
The nucleotide sequences comprising the sequences of SEQ ID NOs:12-15 
according to the present invention correspond to the coding regions of the 
enteroviral genome. The nucleotide sequences corresponding to the coding 
regions of the enteroviral genome are intended to cover those comprising the 
25 degenerate sequences in relation to the sequences of SEQ ID NOs:12-15. 



The sequences of SEQ ID NOs:12-15 above are schematically depicted in 
relevant triplets according to the codons to which the sequences correspond. 

In view of Figure 1, persons skilled in the art can understand the way to 
choose at least a nucleotide sequence of the present invention for use as a 
probe in a hybridization assay using the primers of the present invention, and 
accordingly determine the probe(s) with ease. As shown in Figure 1, the 
nucleotide sequence should not comprise a sequence of any of SEQ ID 
Nos:12-15 nor a degenerate sequence thereof when the second primer 
comprising the sequence of SEQ ID NO: 8 or a degenerate sequence thereof 
is not employed for amplification. Moreover, the nucleotide sequence 
should not comprise a sequence of any of SEQ ID Nos:9-l 1 when the first 
primer comprising the sequence of SEQ ID NO: 5 or a degenerate sequence 
thereof is not employed for amplification. 

Several hybridization modes are well known in the art, including but 
not limited to, solution phase, solid phase, mixed phase or in situ 
hybridization assays. In solution (or liquid) phase hybridizations, both the 
target nucleic acid and the probe or primer are free to interact in the reaction 
mixture* In solid phase hybridization assays, either the target or probes are 
linked to a solid support where they are available for hybridization with 
complementary nucleic acids in solution. Exemplary solid phase modes 
include Southern hybridizations, dot blots and the like. The detection for 
hybridization may be carried out on a solid support such as a microliter plate, 
a membrane (e.g. nitrocellulose) or a microsphere (bead) or a chip and any 
feasible hybridization buffer system. 

The hybridization complexes are detected according to well-known 
techniques, and such detection is not a critical aspect of the present invention. 
Nucleic acid probes capable of specifically hybridizing to a target can be 
labeled by any one of several methods typically used to detect the presence of 
hybridized nucleic acids. 

A common method of detection is the use of autoradiography using 
probes labeled with 3 H, I25 I 5 35 S, I4 C, 32 p or the like. The choice of 




radioactive isotope depends on research preferences due to ease of synthesis, 
stability and half-life of the selected isotopes. The detection of hybridization 
signals may be conducted on a solid support, such as a microtiter plate, a 
membrane (e.g. nitrocellulose), a microsphere (bead) or a chip, as well as any 
feasible hybridization buffer system. 

Other labels include ligands which bind to antiligands or antibodies 
labeled with fluorophores, chemilluminescent agents and enzymes. 
Alternatively, probes can be conjugated directly with labels such as 
fluorophores, chemilumineseent agents or enzymes. The choice of label 
depends on sensitivity required, ease of conjugation with the probe, stability 
requirements and available instrumentation. 

The probes and primers of the invention can be synthesized and labeled 
using conventionally known techniques. Oligonucleotides for use as probes 
and primers may be chemically synthesized according to the solid phase 
phosphoramidite triester method first described by Beaucage, S.L. and 
Caruthers, M.H., 1981, Tetrahedron Letts., 22(20): 1859- 1862 using an 
automated synthesizer, as described in Needham-VanDevanter, D.R., et al. 
1984, Nucleic Acids Res., 12:6159-6168. Purification of oligonucleotides is 
by either native acrylamide gel electrophoresis or by anion-exchange HPLC 
as described in Pearson, J.D. and Regnier, F.E., 1983, J. Chrom., 
255:137-149. 

The above described primers and assays are used to detect enteroviruses 
in a sample, to diagnose enteroviral diseases and medical conditions and to 
correlate (or disprove a correlation between) specific symptoms or 
combinations of symptoms with the presence of a particular enterovirus. 
Diagnostic applications are supplemented and confirmed by an examination 
of the medical history and profile of the individual tested. Enteroviral 
diseases, medical conditions and symptoms that are diagnosed by the 
methods of the invention encompass all diseases, medical conditions and 
symptoms reported to be associated with enteroviruses here and in the 
scientific literature, specifically including aseptic meningitis, enteroviral 



diabetes mellitus, enteroviral conjunctivitis, acute flaccid paralysis, acute 
benign pericarditis, exanthema, enanthema, dilated cardiomyopathy, foot 
and mouth disease, chronic fatigue syndrome, febrile illnesses and upper 
respiratory tract infections. The detection of enteroviral infections and their 
correlation with medical conditions will make possible vaccines and 
methods of treatment. 

The present invention also provides kits, multicontainer units 
comprising components useful for practicing the present method. A useful 
kit can contain probes for detecting the desired target nucleic acid. In some 
cases, the probes may be fixed to an appropriate support membrane. The kit 
will also contain primers provided in the present invention. Other optional 
components of the kit include, for example, reverse-transcriptase or 
polymerase, the substrate nucleoside triphosphates, means used to label (for 
example, an avidin-enzyme conjugate and enzyme substrate and chromogen 
if the label is biotin) and the appropriate buffers for reverse transcription, 
PCR, or hybridization reactions. In addition to the above components, the kit 
can also contain instructions for carrying out the method of the present 
invention. 

All of the literature and publications as recited in the context of the 
present disclosure are incorporated herein by reference. 

Other features and advantages of the present invention will be apparent 
from the following description of the preferred embodiments and from the 
claims. 

Examples 

The following examples illustrate various aspects of the present 
invention but do not limit the claims in any manner whatsoever. 

Example 1 : Detection of enteroviruses 
1.1. Viruses 

59 Enteroviral specimens (see Table 1) used were either isolated from 
samples collected in clinic or obtained from the American Type Culture 



Collection (ATCC). The enteroviruses were identified by neutralization 
assays using pools of immuosera, followed by the confirmation of their 
serotypes with monotypic neutralizing polyclonal antibodies. As the results 
indicated, the 59 specimens covers a variety of entero viral serotypes (see 
Table 1). Viruses were propagated in MRC5 cell monolayer cultures. 

1.2. RNA extraction 

Viral RNAs were obtained by the isolation of total nucleic acids from 
cell pellets of the infected monolayer cell cultures. Approximately 4-6 x 10 6 
cells per ml were lysed in a lysis buffer (50 mM NaCl, 20mM Tris HC1 (pH 
7.5), 50 mM EDTA, 1% sodium dodecyl sulfate), extracted three times with 
phenol-chloroform and once with chloroform and then precipitated from 2.5 
M ammonium acetate with ethanol. Nucleic acid pellets were washed with 
75% ethanol, dried and suspended in 100 \il of sterile distilled water. RNA 
preparations were stored at -80°C . 

1.3. PCR amplification assays 

The first step of the amplification was the synthesis of a DNA copy 
(cDNA) of the portion of the enteroviral RNA genome to be amplified (i.e., 
the reverse transcription step). Reverse transcription by polymerase chain 
reactions were carried out in 20 jul of reaction mixtures (1 jul of each of total 
RNA in 20 mM Tris-HCI (pH 8.4), 50 mM KC1, 5 mM MgCl 2 , 10 mM DTT, 
0.5 mM of each of dATP, dCTP, dGTP and dTTP, and 50 ng of random 
hexamers). Samples were incubated at 65°C for 5 minutes, then placed on 
ice for at least 1 minute. 50 units of reverse transcriptase were added and the 
mixtures were incubated at 42°C for 50 minutes. The reactions were ceased 

by incubation at 70°C for 15 minutes. The obtained cDNA products were 
stored at -20°C . 

DNA amplifications by PCR were carried out in 25 pi reaction 
mixtures [12 \il of cDNA, 20 mM Tris-HCI (pH 8.0), 0.1 mM EDTA, 1 mM 
DTT, 1.0% triton X-100, 50% glycerol, 1.5 mM MgCl 2 , 150 uM of each of 
dATP, dCTP, dGTP and dTTP, 10 pmol of each primer and 2.5 U of Taq 
DNA polymerase]. The primer pairs used in the amplification reactions were 
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10 



those comprising the sequences of 

fl(SEQ ID NO: l)/rl(SEQ ID NO: 6), 
0(SEQ ID NO: 3)/rl(SEQ ID NO: 6); 
fl(SEQ ID NO: l)/r2(SEQ ID NO: 7), 
f3(SEQ ID NO: 3)/r2(SEQ ID NO: 7) and 



f2(SEQ ID NO: 2)/rl(SEQ ID NO: 6), 
f5(SEQ ID NO: 4)/rl(SEQ ID NO: 6), 
f2(SEQ ID NO: 2)/r2(SEQ ID NO: 7), 
f5(SEQ ID NO: 4)/r2(SEQ ID NO: 7). 



15 



Primers rl and r2 were labeled with biotin at 5' end for the following 
detection procedure. Each amplification reaction was conducted for 40 
thermal cycles (denaturation for 4 minutes at 94°C , primer annealing for 1 
minute at 55°C, and elongation for 1 minute at 72°C)* 

1.4. Separation of DNA products 

Aliquots of PCR products (10 ^1 for each) were subjected to 
electrophoresis on 1 .5% agarose gel in 0.5x TBE buffer (0.045M Tris-borate, 
0.001M EDTA) for 30 minutes at 100 volts. After electrophoresis, the gel 
was stained with ethidium bromide and observed under UV illumination. 
The amplifications of all viral specimens using the primers of the present 
invention showed positive results by observation under UV. The data of the 
PCR amplification using the primer pair f5/rl for the 59 viral specimens are 
illustrated in Table 1 . 

Table 1 



Serotype 


Case No. 


Case No. showing positive 
PCR results 


EV71 


17 


17 


CA 7 


2 




CA9 


1 


1 


CA 10 


1 


1 


CA 11 


1 


1 


CA 16 


14 


14 


CA24 


1 


1 


CB 1 


1 


1 


CB 2 


1 


1 




CB 3 


1 


1 


CB 4 


1 


1 


CB 5 




5 


CB 6 


1 


1 


Echo 1 


1 


1 


Echo 2 


1 


1 


Echo 3 


1 


1 


Echo 4 


1 


1 


Echo 5 


1 


1 


Echo 6 


1 


a 1 


Echo 7 


3 


3 


Echo 9 




1 


Echo 11 




1 


Echo 14 




1 


Total 


59 


59 



1.5. Hybridization analysis 

Three enterovirus-specific probes (pi, p2 and p3) were used to detect 
the amplified DNA fragments, which comprise the sequences of SEQ ID NO: 
5 9, SEQ ID NO: 10 and SEQ ID NO: 1 1, respectively. 

The probes were denatured by heat (95 °C, 5 minutes) and quickly 

quenching on ice for 2 minutes, followed by immobilization of those probes 
(10pM for each) on nylon membranes (available from Boehringer 
Manngeim). The three probes (one \il for each) were applied and exposed to 
io a source of ultraviolet irradiation (254nm, 0.15 J/cm ). 

Biotin-labeled PCR products (8 jil for each) were denatured by heating 
at 95°C for 5 minutes and then quenched on ice for 2 minutes, and were 

added into a hybridization solution [5x standard saline citrate (SSC), 0.1% 
(w/v) N-lauroylsarcosine, 0.1% (w/v) sodium dodecyl sulfate (SDS), 1 x 
is blocking buffer (Boehringer Manngeim) (20 ml/100 cm 2 )]. The 

hybridization solution containing the PCR products was then incubated with 
the nylon membranes bound with labeled probes. After incubation at 50°C 




for 1 hour, the membranes were washed 5 times at room temperature by a 
washing buffer (2 x SSC of 0.1% SDS), followed by the addition of 
streptavidin alkaline phosphatase (2 |aI/20 ml 1 x blocking solution). The 
membranes were placed at room temperature for 30 minutes and then washed 

5 five times at room temperature with a maleic acid buffer (0. 1 M maleic acid, 
0. 1 5 M NaCI, pH 7.5). The membranes were then equilibrated in a detection 
buffer (0.1 M Tris-HCl; 0.1 M NaCl; 50 mM MgCl 2 , pH 9.5) for 5 minutes 
and incubated with a freshly prepared color-substrate solution (45 pi NBT 
solution mixed with 35 jul X-phosphate solution, and the detection buffer 

10 was added to 10 ml) in the dark for 10 minutes. Finally the membrane were 
washed with lx TE buffer solution to stop reaction and air-dried at room 
temperature. The hybridization signals were detected and recorded. The 
results are shown in Table 2. 

Table 2 



Serotype 


Number of 


Number of cases showing 




test cases 


detectable hybridization signals 






PI 


P2 


P3 


CA 16 


6 


6 


6 


6 


CA21 


1 


1 


1 


1 


CA24 


1 


1 


1 


1 


CB 1 


1 


1 


1 


1 


CB2 


2 


2 


2 


2 


CB 3 


1 


1 


1 


1 


CB 4 


1 


1 


1 


1 


CB 5 


1 


1 


1 


1 


CB 6 


1 


1 


1 


1 


Echo 3 


3 


3 


3 


3 


Echo 5 


1 


1 


1 


1 


Echo 6 


1 


1 


1 


1 


Echo 9 


2 


2 


2 


2 


Echo 11 


3 


3 


3 


3 


Echo 14 


1 


1 


1 


1 


Echo 2 1 


3 


3 


3 


3 


Echo 24 


1 


1 


1 


1 



rxno ill 


z 


z 


z 


2 


Echo 3 1 


2 


2 


2 


2 


EV71 


7 


7 


7 


7 


Polio 1 


2 


2 


2 


2 


Polio 2 


2 


2 


2 


2 


Polio 3 


2 


2 


2 


2 



Example 2: Detection and differentiation of enterovirus type 71 (EV71) and 
coxsackievirus A16 (Cox A 16) 

2.1. PCR amplificaiton assay: 

RNA extraction and reverse transcription were tarried out in the same 
conditions described in Example 1 . PCR primers used in the assay were 
those comprising the sequences of f7(SEQ ID NO: 5)/ r4(SEQ ID NO: 8). 

The PCR reaction mixtures and thermal cycling conditions were 
adjusted as described in Example 1. 

2.2. Hybridization assay: 

The probes used for the detection of E V 7 1 were those comprising the 
sequences of SEQ ID NO: 12 (71-2) and SEQ ID NO: 13 (71-3). The probes 
used in the Cox A16 detection assay were those comprising the sequences of 
SEQ ID NO: 14 (16-1) and SEQ ID NO: 15 (16-2). Hybridization assays 
were performed in the conditions described in Example 1. 

Results showed that the method of the present invention using primer 
pair f7/r4 and the probes 71-2 and 71-3 could specifically detect and 
differentiate EV71 and non-EV71 enteroviruses. Results also showed that 
the method of the present invention using the primer pair f7/r4 and the 
probes 16-1 and 16-2 could specifically detect and differentiate Cox Al 6 and 
non-Cox A16 enteroviruses. 

Example 3: Kit for detecting and differentiating EV71, Cox A 16, non-EV71 
enteroviruses and non-Cox A16 enteroviruses 

EV71 and Cox A16 were subjected to a detection assay simultaneously 
using a kit of the present invention. The kit provides materials and protocols 
to enable a practitioner to conduct a multiplex PCR assay. Viral RNA 
extraction and reverse transcription were carried out as described in Example 



1. The multiplex PCR were carried out in 25 pi reaction mixtures (each 
containing 12 |il of cDNA, 50 mM Tris-HCl (pH 8.3), 70 mM KC1, 2.5 mM 
MgCl 2 , 200 [iM of each of dATP, dCTP, dGTP and dTTP, 10 pmol of the 
primers f5/rl 9 20 pmol of the primers f7/r4 and 3 U of Taq DNA 
polymerase). Amplifications were conducted in 40 thermal cycles consisting 
of denaturation for 4 minute at 94°C , primer annealing for 1 minute at 55°C , 
and elongation for 1 minute at 72°C . After the multiplex PCR amplifications, 
the PCR products obtained were incubated with a membrane immobilized 
with the probes (pl ? p2 and p3 for enteroviruses, 71-2 and 71-3 specific for 
EV71, and 16-1 and 16-2 specific for Cox A16). All conditions of the 
hybridization assay were the same as those described in Example 1. Results 
show that the kit providing a system comprising multiplex PCR and 
multiplex hybridization detection could both detect and differentiate E V7 1 , 
Cox A 16, non-EV71 enteroviruses and non-Cox A16 enteroviruses. The 
data of the hybridization assay using different probes of the present invention 
are illustrated in Table 3. 



Table 3 



Serotype of 


Number 


Number of cases showing detectable 


enterovirus 


of test 




hybridization 


signals 






cases 


probes 


of the present invention 






pi 


P 2 


p3 


71-2 


71-3 


16-1 


16-2 


CA 16 


6 


6 


6 


6 


0 


0 


6 


6 


CA21 








1 


0 


0 


0 


0 


CA 24 








1 


0 


0 


0 


0 


CB 1 








1 


0 


0 


0 


0 


CB2 






2 


2 


0 


0 


0 


0 


CB 3 








1 


0 


0 


0 


0 


CB 4 








1 


0 


0 


0 


0 


CB 5 


j 






1 


0 


0 


0 


0 


CB 6 








1 


0 


0 


0 


0 


Echo 3 


3 


3 


3 


3 


0 


0 


0 


0 


Echo 5 








1 


0 


0 


0 


0 


Echo 6 








1 


0 


0 


0 


0 



Frho 9 




9 


7 


7 


o 


o 


0 


0 


ThpIia 1 \ 


3 


3 


3 


3 


o 


o 


0 


o 


A_v V^i Ivy JL J -f 




1 
A 


1 


1 

X 


o 


0 


o 


o 




3 


3 


3 


3 


o 


o 


0 


o 


Echo 24 


1 

A 


1 


I 

X 


1 

X 


o 


o 


o 


o 


Echo 30 


2 


2 


2 


2 


o 


0 


0 


0 


Echo 3 1 


2 


2 


2 


2 


0 


0 


0 


0 


EV71 


7 


7 


7 


7 


7 


7 


0 


0 


Polio 1 


2 


2 


2 


2 


0 


0 


0 


0 


Polio 2 


2 


2 


2 


2 


0 


0 


0 


0 


Polio 3 


2 


2 


2 


2 


0 




0 


0 



Various modifications and variations of the present invention will be 
apparent to those persons skilled in the art without departing from the scope 
and spirit of the invention. Although the invention has been described in 
connection with specific preferred embodiments, it should be understood 
that the invention as claimed should not be unduly limited to such specific 
embodiments. Indeed, various modifications of the described modes for 
carrying out the invention which are obvious to those skilled in the art are 
intended to be within the scope of the following claims. 



